INTRODUCTION
Savannah River Laboratory (SRL) and Lawrence Livermore National Labora tory (LLNL), as participants in the Nevada Nuclear Waste Storage Investiga tions Project (NNWSI), have a joint program Investigating the performance of waste packages containing Savannah River Plant (SRP) high-level nuclear wiste borosilicate glass in a tuff repository environment. This paper presents a summary of the results of the first phase of this joint SRL/LLNL program. In this phase, the waste package (SRP glass and stainless steel) & ^r was leached in a saturated tuff envtronment, i.e., 1n the presence of excess **^j groundwater. A saturated environment represents a possible worst case since J53? the potential repository horizon being investigated by NNWSI is In the J^S? unsaturated zone and the amount of water will be limited. In these ^^^ saturated tests, the glass and waste package components were leached In cups fabricated from tuff representative of the repository rock. Actual groundwater was used. The cup had a tuff lid; thus, the package was leached in presence of only those materials that would be In a repository. The entire assembly was sealed In a Teflon® vessel so that the loss of groundwater during the test was minimized.
In previous leach tests, SRP glasses, both radioactive [1] and simu lated [2] , have been leached In groundwaters of generic composition. Glass "ith simulated waste has also been leached In the presence of rock from /HA candidate repository geologies [2] . The results of these tests suggested (£r~^ that the glass should perform well In a repository environment and that the groundwaters or the rocks did not accelerate leaching over that In delonlzed water. Previous tests In the LLNL program Investigating tuff as a possible repository site have shown that the presence of tuff decreased the leaching of PNL 76-68 glass [3] . The concentration of leached species was much lower when tuff was present In the system. Tii this paper, leach results In the presence and absence of tuff cups are pi *tited for both glass containing actual radioactive SRP waste and glass containing nonradioactive simulated waste. Based on results for Li and B, both glasses leach similarly even though radlolysls effects were noted in some long-term tests. For the radioactive glass, results are presented for Cs-137, Sr-90, and Pu-238. In these tests, the presence of tuff significantly decreases the concentrations of leached species. Results Indicate that the SRP Type 304L stainless steel canister does not affect the leaching. Finally, the results In the presence of tuff are extrapolated to the behavior of full-size canisters of SRP glass in a saturated tuff environment.
EXPERIftNTAl
The two glasses used in this study were prepared using slurry fed con tinuous melters. For the radioactive glass, the nelter was In a shielded facility and was operated remotely. For both glasses, the respective waste slurries were mixed with SRL Frit 165 (28 wtX waste on a dry basis) and melted at 1150°C. The radioactive waste was obtained from SRP storage Tank 42. The glass melts were poured into thin-wall Type 3041 stainless steel cylinders 1.8 cm 00. These cylinders were then sawed to produce 2 mm thick disks for leaching. Final compositions of the glasses (Table I) were deter mined by analyzing solutions of dissolved glass. SEM micrographs indicated the" presence of less than 1% crystals (ferrite spinels) In either glass. Table 1 Principal Oxide Components (wt X) in Glasses for the Tuff Repository Testing Program
3.
Tuff cups were prepared from tuff from an outcrop at Fran Ridge on the Nevada test site. This tuff is representative of that at the proposed re pository horizon except for the presence of caliche in the outcrop. Caliche is composed primarily of soluble SO4", CI", and NO3" salts of tta, Ca, and Mg. The cups were cylinders 5 cm OD by 7.3 cm long and contained a borehole 2.5 an diameter by nominally 7 cm deep. The lids were tuff disks 5 cm OD by 0.6 cm thick.
Oetailed leaching procedures are presented elsewhere [4] . Only the especially pertinent procedures will be summarized here. Each test 1n a tuff cup contained 3 or 4 glass disks (SA per disk « 4.7 cm?) separated by Type 304L stainless steel spacers 1n a Type 3G4L stainless steel basket. For tests where steel was absent, Pt was used. The glass disks had 600 grit surfaces on both sides and were cleaned (along with the outer Teflon* ves sels) following MCC-1 test procedures. Caliche was not preleached from the tuff cups; however, they were saturated with actual tuff groundwater prior to each test. Sufficient groundwater from well J-13 at the Nevada test site was added to the borehole to achieve a SA/V (glass surface area to ground water volume) of 100 nr*. J-13 water 1s a tuffaceous groundwater which contains 0.04, 0.14, 27, and 42 ppm of Li, B, Si, and Na. Principal anions are HCO3" and SO4'-. To ensure that groundwater remained In the borehole during the test, approximately 40 mL of groundwater was placed in the annular space between the tuff cup and the Teflon* vessel. All tests were performed in Blue-H ovens at 90°C. This 1s close to the expected maximum temperature at which leaching could occur for SRP waste glass 1n a repository in tuff.
After each test, final volumes and pH values in the boreholes and in annular spaces were accurately measured. The solutions were then analyzed. Concentrations of nonradioactive cations were determined by inductively coupled plasma induced spectroscopy. Anion concentrations were determined by ion chromatography. Cs-137, Sr-90, and Pu-238 were determined by cali brated counting techniques.
RESULTS AND DISCUSSIONS
Detailed experimental data and discussions are in Reference 5. Only a summary will be presented here.
Leach results are presented as normalized mass losses based on the respective elements for each time period. This quantity is given by NL-j = Ni/(SA x Xj) where NL,-is the mass of glass dissolved per unit area based on species i. Nf is the total amount of species i measured in the solution, SA is the surface area of the glass, and Xj is the mass fraction of i in the glass.
pH Changes in the Presence and Absence of Tuff
During the leach tests, the pH of the tuff groundwater changed from its pretest value of 7.4 (Table II) . When tuff rock was present, the changes were small, indicating that tuff rock buffered the pH. Also, the changes in presence of Type 304L stainless steel were not significantly different than those in its absence. Tuff rock could buffer the pH by two mechanismsfurnishing species such as silica that decrease the overall dissolution of the glass or by furnishing species that neutralize alkaline or acidic spe cies produced by leaching or by radiolysls. In all the tests with rock pre sent, the pH values of the solutions In the borehole and in the annular space were equal. When glass alone was leached, the pH increased or decreased depending on whether the glass was nonradioactive or radioactive. When the glass was nonradioactive, the pH Increased because of ion exchange of alkali 4. Ions (LI* and Ha*} with H3O* Ions tn the tuff groundwater. When the glass was radioactive, the pH decreased 1n those tests that were 56 days or longer. Anion analysis Indicated significant amounts of F" and NO3* had formed In these tests by radlolysls of Teflon* and of moist air, respec tively. Formation of such anions would be accompanied by H* formation and cause a pH decrease. Apparently, the air and Teflon* had received suffi cient dose at 56 days or greater to affect the leaching. Leach results for B and L1 for these long tests were unrealistlcally high. Such effects are not expected in a saturated repository environment where Teflon* and air would be absent. When the tuff cups were present, much less F" was formed because the Teflon* was effectively shielded by the tuff vessel. NO3" was stm formed but not in amounts sufficient to overcome the buffering capacity of the rock. For the tests longer than 32 days 1n groundwater alone where the pH decreased due to radiolysis (Table II) 
Radionuclide Migration Through the Tuff Leach Vessels
In tests longer than 28 days, significant fractions of the leached radionuclides had migrated through the 1.3 cm thick wall of the tuff leach vessel (Table III) . No radioactivity migrated through In the 28-day te^ts. In the 70-day test, more radioactivity was in the annular space than In the borehole in that cup. Also In this test, the concentrations of caliche species (Na + , Ca z+ , CI", and S0a z " Ions) were equal on both sides of the tuff wall suggesting free migration of these species through the cup. Close examination of this cup showed that a crack had developed as a result of dissolution of the caliche. The cup used for the 127-day test was preleached to remove the caliche. Removal was confirmed by the appearance of very little caliche material in the final leachate. For this test, only Sr-90 migrated through the tuff. Failure of Cs-137 to migrate to the annu lar space is consistent with its much larger adsorption coefficient than that for Sr-90. LLNL is now analyzing the migration data to obtain estimates of diffusion coefficients for the respective species. 
CONCLUSIONS
The data presented in this study support the following conclusions concerning the performance of SRP radioactive high-level waste glass in a saturated tuff repository environment.
1. Borosilicate glass containing actual radioactive waste from an SRP wasta lank and glass containing simulated waste leach identically within the experimental uncertainities in this study.
Tuff rock buffers pH changes caused by leaching and by radiolysis.
3. The presence of tuff significantly decreases the concentrations of Cs-137, Sr-90, and Pu-238 in the leach solutions by sorption or ion exchange processes.
4. The presence of Type 304L stainless steel does not significantly affect the leaching process.
5. Extrapolation of these results to a geologic repository containing fullscale canisters of SRP glass in a saturated tuff environment suggests that annual fractional releases of the three radionuclides will be much less than 10" 5 .
FUTURE STUDIES

10.
These results are from the first part of an intensive program investi gating the performance of SRP glass 1n a geologic repository in tuff. Further experiments are being performed not only at SRL but also at LLNL and Argonne National Laboratory (ANL). The futurc experiments concentrate on evaluating the performance of the glass and the waste package 1n an unsatu rated repository environment. •tc in, sauna # m wx (us num. 1.9. 11 9.9. 1.9. 10. 317.1 .19 11.91 1.03 1.99 9.9. 1.9. 9.9. 9.9. 9.9. 9.9. 227.1 9.9. 9.51 1.33 .94 9.9. 9.9. 9.9. 9.9. 9.9. 9.0. 9.9. 9.0. 9.1. 9.0. 9.0. 9.9. 9.9. 9.9. 9.9. 9.9. 9.9. 9.9. 9.9. 9.9. 9.9. 9.1 9.9. 9.1 9.9. 9.1 .97 9.9. 9.1 9.9. 11 9. 
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